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POLYPHENYLENE ETHER-POLYEPOXIDE COMPOSITIONS RAPIDLY CURABLE TO FLAME RETARDANT 

SOLDERABLE MATERIALS 

This invention relates to resinous compositions useful as dielectrics. More particularly it relates to 
po^pheny lene ether-polyepoxide compositions having favorable properties including so^ent res steTce and 

zsz^zsr to compositions which are capab,e ° f beins rapid,y — - ™" 

s A number of polyphenylene ether-polyepoxide compositions having favorable dielectric properties and 
supposedly being useful in circuit board manufacture, are known. However, for the most part ?hese have nol 
attained w.de commercial use because of deficiencies in one or more properties ^hus wh^ the 
po.yphenytene etfiers are excellent dielectrics and the properties of combinations ^ JftilJlS^ 
are favorable in this respect, they .ack solvent resistance which is required in order for thTcirS 

^Z^S^ de,idenCieS ™ M " f ' ammabi,i *> ^sZt £ 

In addition to excellent dielectric properties, resinous compositions to be used for printed circuit board 
manufacture should be highly flame-retardant. A V-1 rating, as determined by UnderwrllStS^JS 
procedure UL-94 » universa.ly required with V-0 usually being necessary. The V-0 i^»S2T2JS 
f» out tone (FOT) of not more than 10 seconds in any trial and a cumulative FOT of not more than 5 Seconds 
P " chaseT" 8 PraCtiCa ' ^ 3 maXimUm CUmU ' atiVe F0T ° f 35 seco " ds ■» moated by 

The fabricated board should not lose substantial weight and its surface should not be appreciablv 
marred by contact with methylene chloride, a solvent commonly used for cteaning. Since conductive 
connect,ons w,th the printed circuit are typicaily made by soldering, the board must be soS-resist^t as 

are ^i^r^f'^ 690 ^ combinations of P°'yphenylene ethers with various types of polyepoxides 
are d.sclosed. The latter mclude epoxy novolak resins and polyg.ycidyl ethers of such compounds as 
b.pheno. A and 2 2-bis(3,5-dibromo-4-hydroxyph e ny.)pro P ane (teLbromobisphenol TcZg oi LZ 
TcZlTrZ 'h eVe ? b \ COntact with various ^" curing agents, including amines The cured 

found to be ^ deflcient in so,vent resiLlce and - in ^ 

Copending, commonly owned applications Serial No. 07/219,106 and Serial No 07/288 214 rikHoc* 

l^LTXTTt T er - polvepoxide compositions incor p° ratin 9 products 3 S^?SiSSS 

bisphenol polyglyc.dyl ethers and certain compounds containing bromine as aryl substituents wWc mav 
SlTST daS t SUCh ,° r - 33 Partia " y CUred P^ucts Cured material prepa ed Teretom h've 

™Sd ' am ' na \ and ? rc U " b ° ard Pr ° dUCti0n - They may a,so contain «* other materials as ha ogen-free 
epoxidized novolaks and non-epoxidized novolaks, the latter serving as hardeners 

Such compositions have the properties necessary for the preparation of circuit boards Those free from 
sh^T H 6 above ^ escribed novo '^ « also useful for bonding J«^SS ^o^SS 

T P T WheP 3 mU,ti ' ayer StrUCtUre iS desired - invo,vin 9 aching of numerous p nted drcuits 
*TT int ° 3 Sin9 ' e Unit F0r thiS purpose ' a fiber-reinforced n**n«?DS?iSto 
employed to separate the etched copper circuitry on two successive circuit board ? tS d^eS 
40 connections being made through the bonding sheet. "uarus, wim tne oesired 

The bonding sheet composition must generally have a relatively high resin loadinq since the resin must 
complete y fill the voids created during the etching of circuits in the printed circui ds^endTd cure 
tone s also necessary. ,n order that the required flow may be achieved before curing is iSted The 
formulaton must be compatible with the base material in the circuit board. Flex^bHity is als^ £££ I a 
bonding sheet, unlike laminates for circuit boards in which stiffness is required. Final bo5n?^r^ 

tiremni° nS H mU5t ^l* Subst ™™* "° w when melted under low ^S^SSTS^ 
ton employed in circuit board manufacture, to facilitate filling of the aforementioned voids 

A series of compositions particularly suitable for the preparation of bonding sheets is disclosed in 

^T'y ° Wned aPPliCati ° n Seria ' Na 07/312 ' 850 - tt is characterized'^ the XJSTof " 
relatively low molecular weight polyphenylene ether, typically prepared by equilibr Jon with a bisZnoV in 

Z^^r^^. ° rder t0 fad,itate h!9h f,0W " ■ ~ > - characterS^ 
While these compositions as generically described have many advantageous properties there is still 
room for .mprovement in such areas as flame retardancy and sold'erabiKty. VS^^J!Z^ 
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slo„ to cor. when employed ,0, « — ™ SEE h^PoSTas * 
Flam, retardancy can often be improved by l""™"^^""^'^. "°««^ is *9' a< " 1 "" > 

r h : - ■ «* — * or b,ister,ng 

-StSSTS-n Prides a f as ^ 6 ^X^^^^ 
polyphenylene ethers and various catalysts flame ^ furni sh compatible prepregs 

^pregnale suitable fibrous reinforcing matenals sudv a ^^J,^ suit ab.e for bonding sheet 
having a high flow rate and relatively long »nij tmjnjjnfl » sufc)strate impregnate d wrth an 

, preparation. (As used herein, "prepreg" , meaj. *™^^° 0 TL readi.y solub.e in organic solvents 
uncured or partially cured res,nous matenal. ) ^£ «™pw are highly solder resistant, solvent 

^^ZZlZr^r^ and — . - * 

. "ToTo, » .specs, «. inyen.cn inciudes c U r*,e composes — *Q at ieas, aboo, » 
chemically combined bromine and composing: 

(0 about 30-50% of at least one polyphenylene ether, 

■ * *,s c — 9 about io - 30% brom,ne as 

SpS— al products of said po.yepoxide impositions; 

WiSit 5-10% of at .east one f-J^^^JS^ and arylene po.yamines, said amount 
25 (|V) a catalytically effective amount of at east _one o .m nitr ogen per 100 parts; 

being sufficient to provide a total d ^'SJd'a salt which is soluble or stably disperse m 

(V) a cocatalytically effective amount of anc J^J 0 about 0.5.! m „ of 2inC ; and 

5? ^iW^ ha:°b P een dried by heating at a temperature ,n the 

tnts=lofthec Ur ^ 
,5 epoxy resins. Such hardeners are kno«n m the " J„ as opposed to .poxy core catalysts 

^resins by reaction in sBicNometric « »^?SC?cL r^ by c'aalyzln, «««*• 

plurality of structural units having the formula 
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polystyrenes and elastomers. The praSS t^tafcSS^flJSf n °'^ d '^-«>*«n9 polymers as 
suitable peiymers are the conpled w£,™£T,Z?Z lS ""a'**' ™" e,les - ^ 

manner with the hydroxy grouns of two DoZh^TT Ik ^ ° Upl "' 9 a9ent is reaMed ln k "°<™ 
polymer containing «,e r^Tp^oTS^*^:?""' """TL to a hi 9 to weight 

^r^h^T^-'^^^ 

conX^rsss^r;^ by — 

For the most part, thev contain at i Pfl ^ nn 0 I , y the known cata 'ysts can be used, 

compos, ily m coSn SS^EST""' ""* " * ^ °' — 

are = compos o f c^s or ^^^£1^™% J^ZZ 
dl^inrJ«J^^SSSo^ P,ePar,00n ^ ^ "» " ^ ~«" - 
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wherein Q 1 and Q 2 are as previously defined; each R' is independently hydrogen or alkyl, with the proviso 
thaTe total number of carbon atoms in both R 1 radicals is 6 or less; and each R* is mdependen y 
hydrogen C,Tprimary alky, radical. Preferabry, each R 1 is hydrogen and each R 2 is alkyl, especially 

me *oly 0 me^con t aining the aminoalkyl-substituted end groups of formu.a II may ^ f ^ e ^ C ^ Q 
ing an appropriate primary or secondary monoamine as one of the constituents of the oxidase couplmg 
Iltinn m xture especially when a copper- or manganese-containing catalyst .s used. Such amines, 
::X^X^JyZZ j£ preferably di-n-buty,amine and dimethylamine, frequently become chem, 
caSy bound to the polyphenylene ether, most often by replacing one of the a-hydrogen atoms on one or 
nS'e Q^ radcals. The prindpa. site of reaction is the Q 1 radical adjacent to the hydroxy group on the 
termlnS J? of the polymer chain. During further processing and/or blending, the ammoalkyl-subst.tuted end 
gr™ps may undergo various reactions, probably involving a quinone methide-lype .ntermed.ate of the 
formula 



C(R A ) 2 



40 



(IV) 



45 



50 



with numerous beneficial effects often including an increase in y"^-!^^.^^"^ ^ 
other blend components. Reference is made to U.S. Patents 4,054,553, 4,092,294, 4,477,649, 4.477,651 and 

4 517 341. the disclosures of which are incorporated by reference herein. 

Potymers with 4-hydroxybiphenyl end groups of formula III are typically obtained from react.on m.xtures 

in which a by-product diphenoquinone of the formula 
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70 is present, especially in a copper-haiide-secondary or tertiary amine system. In this regard, the disclosure 
of U.S. Patent 4,447,649 is again pertinent as are those of U.S. 4,234,706 and 4,482,697, which are also 
incorporated by reference herein. In mixtures of this type, the diphenoquinone is ultimately incorporated into 
the polymer in substantial proportions, largely as an end group. 

In many polyphenylene ethers obtained under the above-described conditions, a substantial proportion 
75 of the polymer molecules, typically constituting as much as about 90% by weight of the polymer, contain 
end groups having one or frequently both of formulas II and III. It should be understood, however, that other 
end groups may be present and that the invention in its broadest sense may not be dependent on the 
molecular structures of the polyphenylene ether end groups. 

It will be apparent to those skilled in the art from the foregoing that the polyphenylene ethers 
20 contemplated for use in the present invention include all those presently known, irrespective of variations in 
structural units or ancillary chemical features. 

For the purposes of this invention, the polyphenylene ether preferably has a number average molecular 
weight within the range of about 3,000-15,000, as determined by gel permeation chromatography. Lower 
molecular weight materials produce curable compositions characterized by substantial absence of dusting 
25 and by superior flow properties which enable them to rapidly fill all voids in the etched printed circuit 
boards when employed as bonding sheets. The molecular weight is most preferably in the range of about 
5,000-10,000. Intrinsic viscosities of such polyphenylene ethers are preferably in the range of about 0.15- 
0.35 and most preferably about 0.16-0.30 dl./g„ as measured in chloroform at 25° C. 

Low molecular weight polyphenylene ethers of this type are not readily available as commercial 
30 products at present, and the preparation of such polymers especially for bonding sheet applications would 
be burdensome and expensive. Therefore, it is preferred to prepare such low molecular weight polymers 
from commercially available polyphenylene ethers, typically having a number average molecular weight in 
the range of about 15,000-25,000. Such conversion can be conveniently achieved by redistribution 
reactions. 

35 It is within the scope of the invention to perform the redistribution reaction in situ during preparation of 
the polyphenylene ether; reference is made, for example, to U.S. Patent 4,521 ,584. However, subsequent 
redistribution is generally preferred, as described in U.S. Patents 3,367,978 and 4,234,706 and in White et 
al., J. Org. Chem. , 34 , 297-303 (1969). For this purpose, a solution of the polyphenylene ether in a suitable 
solvent may be heated at a temperature in the range of about 50-1 10 °C in the presence of a 

40 diphenoquinone such as S^'.S.S'-tetramethyM.^-diphenoquinone. 

An alternative redistribution process involves reaction with a phenol in the presence of an oxidizing 
agent which is soluble in the reaction mixture, typically a diphenoquinone or an organic peroxide such as 
benzoyl peroxide. The preferred phenols for this purpose are bisphenols; that is, compounds containing two 
hydroxyphenyl groups attached to an aliphatic or cycloaliphatic moiety, which may also contain aromatic 

45 substituents. 

For the most part, the suitable bisphenols have the formula 

(VI) HO-A 1 -Y-A 2 -OH , 

so wherein each of A 1 and A 2 is a monocyclic divalent aromatic radical and Y is a single bond or a bridging 
radical in which one or two atoms separate A 1 from A 2 . The O-A 1 and A 2 -0 bonds in formula VI are usually 
in the meta or para positions of A 1 and A 2 in relation to Y. 

The A 1 and A 2 values may be unsubstituted phenylene or substituted derivatives thereof, illustrative 
substituents (one or more) being aikyl, nitro, alkoxy and the like. Unsubstituted phenylene radicals are 
55 preferred. Each of A 1 and A 2 may, for example, be o- or m-phenylene and the other p-phenylene, but both 
are preferably p-phenylene. 

The Y value is a single bond or, more often, a bridging radical in which one or two atoms, preferably 
one, separate A 1 from A 2 . It is most often a hydrocarbon radical and particularly a saturated radical such as 

6 
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methylene cyclohexylmethylene. ethylene, isopropylidene. neopentylidene, cyclohexylidene «" cyctopjn- 
^eclZen^tZeti^ a gem-alkylene (alkylidene) radical and most preferably isopropvhdene. Also 
^SSTZJS^t^ which contain atoms other than carbon and hydrogen; for example > op , o 
Z An especially preferred bisphenol is bispheno. A in which A' and A* are each p-pheny.ene and Y ,s 

'"^SSon by this method may be easily carried out immediately prior to incorporation of the 
polyepoxy compounds and other reagents described hereinafter to form the curable c°m P os,t on o the 
SoTrhe bispheno. and oxidizing agent are ordinarily employed in redely small amount ^ usually 
ess than about 5% and most often about 0.5-3.0% by weight based on polyphenylene ether. The use of 
r eS e sman amounts results in the desired decrease in molecular weight of the ^^^'Z 
opposed to ite degradation into oligomers of much lower molecular weight as pnncpal.y descnbed m the 

"yTene ethers prepared by the action of bisphenols on polypheny,ene ethers, as 
described hereinabove, are characterized by the formula 

(VII) H ^0--^^-^0- A 1 -Y- A 2 --^-^ — OKI 

wherein Q ,_2 , A 1-2 and Y are as previously defined, x is 0 or a positive number and z is a positive number, 
in mnst instances x + z is about 25-125; the value of x is most often 0. 

Component "i may be either (A) a composition comprising po.yepoxides or mixtures thereof with 
bisphenoro^B) a partial condensation product thereof. Mixtures of A and B may also be employed^ 
Sepox ae compositions used therein, either as constituents or reactants, include at least one bisphenol 
po yqS e°her Mixtures of such ethers are usually employed, part of the components of a* mixture 
mS^B^ the balance thereof containing bromine as ary. substituents. The total amount of 
bromine in component II is about 10-30% by weight. 

Bisphenol po.yglycidyl ethers are prepared conventionally by the reaction of b 1S pheno.s w.th ep,ch- 
lorohydrin. They may be represented by the formula 

(VIII) ^H 2 ^HCH 2 0-A 1 -Y-A^-+- OCH^CHCHjO-^-Y-AM— OfCHapH-CHs 
° Br B Br, * Br " Br * ' 



45 



55 



wherein m is 0-4 n has an average value up to 1 and A 1-2 and Y are as previously defined 

nmosTLVnces component II comprises at least two bispheno. polyg.ycidyl 
brominated (m is 1-4. preferably 2) to provide flame retardancy and the other being 

The proportions thereof are based on the required bromine content for component ..of about IM^The 
preferred materials are commercially available reaction products of ep.chlorohydr n and bisphenol A, 
EPON 825 (n = 0) and EPON 828 (n = about 0.14), available from Shell Chem.ca. Co.. and 
similar products prepared from epichlorohydrin and tetrabromobisphenol A n™, fiUP , 

It is also possible to employ brominated bisphenols in place of the polyglyc.dyl ethers thereof However, 
brominated E5^i*nd* dmcompn* at temperatures above about 200 C. which include the curing 
teZratoL o^the cu able compositions of this invention. Therefore, it is preferred for the brominated 
Sound ^ b e a polyg.ycidyl ether when component I. is a simple mixture. When component : H ,s apartj. 
Sensation product which may be formed at temperatures substantially lower than 200 C. the brom.nat- 
ed compound is preferably a bisphenol by reason of availability and re.at.vely low cost 

Other polyepoxy compounds may also be present in or used for the oreparat.on of component II. 
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especially at least one halogen-free epoxidized novolak. Suitable novolaks for use as precursors therefor are 
known in the art and are typically prepared by the reaction of formaldehyde with a hydroxyaromatic 
compound such as phenol (which is often preferred), cresol or t-butylphenol. The novolak then undergoes 
reaction with an epoxy reagent such as epichlorohydrin to produce the resin useful in component II. 
5 Various epoxidized novolaks are commercially available, and any of then may be used according to the 
invention. It is usually strongly preferred for the epoxidized novolak to contain substantially no free phenolic 
hydrogen atoms. 

When component II is a mixture, it usually comprises about 30-60% by weight of the brominated 
compound and about 5-20% of the epoxidized novolak (when present), with the balance being the non- 
70 brominated bisphenol polyglycidyi ether. 

The partial condensation products suitable for use as component II may be prepared by heating the 
mixture of compounds, as hereinabove described, at a temperature in the range of about 1 25-225 *C, 
preferably about 150-200* C and most preferably about 160-190° C, in the presence of a catalytic amount of 
at least one basic reagent. Said mixture preferably consists essentially of said reagents; that is, they are the 
15 only ones contributing to the novel and essential properties thereof. 

The triarylphosphines, especially triphenylphosphine, are the preferred basic reagents by reason of their 
effectiveness at low levels, low tendency to cause side reactions and harmlessness when they remain 
present after the reaction is complete. They are usually employed in the amount of about 0.1-0.5% by 
weight. The reaction is preferably conducted in an inert atmosphere such as nitrogen, especially when a 
20 triarylphosphine is employed as catalyst. An inert organic solvent having a boiling point no higher than 
about 125°C, usually an aromatic hydrocarbon such as toluene, may be employed but usually provides no 
advantage at this point 

Said partial condensation products most often comprise about 25-35% brominated compound and 
about 15-25% epoxidized novolak, with the balance being the nonbrominated biphenol polyglycidyi ether. 
25 Lower concentrations of brominated compound or novolak cause an unacceptable decrease in solvent 
resistance and/or flame resistance. An increase in brominated compound may yield an incompatible 
material. The preferred proportion of brominated compound is in the range of 28-32%. 

The structure of the partial condensation product thus obtained is not fully known. It is believed to be an 
"upstaged" (i.e., partially cured) composition derived from the compounds of formula II, in which the 
30 brominated moieties form part of the molecular structure. The epoxidized novolak may also be chemically 
bound into the molecules of the upstaged composition in varying proportions. 

The preparation of the partial condensation products is illustrated by the following example. 

Example 1 

35 

A mixture of 50 parts by weight of bisphenol A diglycidyl ether, 30 parts of tetrabromobisphenol A, 20 
parts of an epoxy novolak resin commercially available from Ciba-Geigy under the grade designation "EPN 
1138" and 0.2 part of triphenylphosphine was heated at 165° C for one hour in a nitrogen atmosphere, with 
stirring. The product was the desired upstaged composition and contained 17.6% bromine. 
40 Component III is at least one halogen-free epoxidized novolak, of the type described hereinabove with 
reference to component II. Even when such novolak is employed in the preparation of component II, its 
separate presence as component III is necessary according to the present invention in order to provide 
optimum properties. 

Component IV is at least one compound selected from the group consisting of imidazoles and arylene 
45 polyamines. Any of such imidazoles and polyamines known in the art to be useful as curing agents for 
epoxy resins may be employed. Particularly useful imidazoles are imidazole, 1 ,2-dimethylimidazole, 1- 
methylimidazole, 2-methylimidazole, 2-heptadecylimidazole and 1-(2-cyanoethyl)-2-phenylimidazole. Com- 
mercially available imidazole-arylene polyamine mixtures are often preferred; the especially preferred 
mixtures contain arylene polyamines with a high degree of alkyl substitution on the aromatic ring, typically 
50 at least 3 such substituents. The diethylmethyl-substituted m- and p-phenylenediamines are generally the 
most preferred polyamines. 

The amount of component IV is a catalytically effective amount to achieve curing, preferably rapidly 
after solvent removal. More specifically, it is about 10-25 milliequivalents of basic nitrogen per 100 parts of 
total curable composition, including any basic nitrogen present in the polyphenylene ether (mostly as 
55 aminoalkyl-substituted end groups). Thus, when a polyphenylene ether essentially free from basic nitrogen 
is employed the proportion of component IV must be increased. (For the purpose of this invention, the 
equivalent weight of an imidazole is equal to its molecular weight and that of a diamine is half its molecular 
weight.) 
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, — SSL'SrSf ™- £ <orm hydrates which readily lose .^acetone and 

beco^inSS" ^organic systems used for laminate preparation. Therefore. It may be necessary to 

^^T^^T^S^Zoo,^ to continuous a„«on; however „,s Is 
OTi rorS™S n hornc,enai,y Is fo employ . ,a«y add salt, m anc*er methc. is to 

^pSJS^SZSni, penfolde useful wording to this invention is illusfrated by the 

30 following example. 



35 
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45 



Example 2 



A commercially available technical grade antimony pentoxide was heated for 18 hours in air at 220° C 

^^^aS'^positions of ma invention are usually dissolved in an .nectiv. amount of an inert 
orgaT ZZ £Z » a ^^^^ ^^X£SS£Z 

T ^"mine and the various components In - curable compositions o, th. 

invention, based on total curable composition (excluding solvent), are: 



Bromine - about 5-10% 
Component I - about 30-40%; 
Component II - about 40-50%; 
50 Component III - about 8-10%; 

Component IV - about 15-25 meq. of basic nitrogen (total) 
Component V - about 0.8-1.0% Zn 



55 



sTrva as piasters and flow improvers. Fabric wettability enhancers. cMtly polar l,qu.ds such as butyl 
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alcohol, methyl ethyl ketone and tetrahydrofuran, may be advantageous under certain conditions. The 
compositions may also include such materials as antioxidants, thermal and ultraviolet stabilizers, lubricants, 
anti-static agents, dispersants, dyes and pigments. 

A material whose presence in minor amount may improve the solvent resistance and compatibility of 
5 the curable composition, and is therefore preferred, is at least one aliphatic tris(dialkyiphosphato)titanate. 
Suitable phosphatotitanates are known in the art and commercially available. They may be represented by 
the formula 



10 



( IX) (R 3 0-R 4 ) 2 OCH 2 OTi 



75 




0-P-(OR ) 2 



wherein Ft 3 is C 2 - 6 primary or secondary alkyl or alkenyl and preferably alkenyl, R* is C1-3 aikylene and 
20 preferably methylene, Ft 5 is C1-5 primary or secondary alkyl, R 6 is C5-12 primary or secondary alkyl and x 
is from 0 to about 3 and is preferably 0 or 1. Most preferably, R 3 is allyl, R 5 is ethyl, R 6 is octyl and x is 0. 
The phosphatotitanate is most often present in the amount of about 0.1-1.0 part by weight per 100 parts of 
the resinous composition. 

Another aspect of the invention is prepregs comprising a fibrous substrate (woven or non-woven) such 
25 as glass, quartz, polyester, polyamidey polypropylene, cellulose, nylon or acrylic fibers, preferably glass, 
impregnated with the curable composition and obtained upon removal of the solvent therefrom by 
evaporation or the like. Such prepregs may be cured by application of heat and pressure. The resulting 
cured articles are other aspects of the invention. 

Typically, 2- to 20-ply prepreg laminates are compression molded at temperatures in the range of about 
30 200-260° C and under pressures on the order of 20-60 kg./cm. 2 . Laminates clad with a conductive metal 
such as copper, useful for printed circuit board production, may be so prepared and cured by art- 
recognized methods. As previously mentioned, printed circuit board blanks comprising said laminates are 
characterized by excellent dielectric properties, solderability, flame retardancy and resistance to high 
temperature conditions and solvents. The metal cladding may then be conventionally patterned. 
35 For use as bonding sheets, the prepregs are usually partially cured after preparation. This is particularly 
true when component II is a mixture rather than a partial condensation product. Partial curing may be 
achieved by heating the curable composition at a temperature in the range of about 130-175° G for a period 
of about 1-5 minutes. The partially cured prepregs thus obtained may be easily handled and shipped. 

The bonding sheets are then sandwiched between two printed circuit boards comprising metal-clad 
40 laminates into which circuits have been etched. The metal cladding is most often copper. A plurality of 
bonding sheets may be employed to provide multilayer structures. Curing is then effected at temperatures 
typically in the range of about 200-250° C and pressures in the range of about 0.1-0.2 kgVcm 2 , 

The preparation of the curable and cured compositions and articles of this invention is illustrated by the 
following examples. All parts and percentages are by weight unless otherwise indicated. 
45 In the examples, "precursor polyphenylene ether" was a poly(2.6-dimethyl-1,4-phenyIene ether) having 
a number average molecular weight of about 20,000, an intrinsic viscosity in chloroform at 25 °C of 0.46 
dl./g. and a nitrogen content of about 960 ppm. Other constituents were as follows: 
EPN 1138 - an epoxy novolak resin commercially available from Ciba-Geigy. 
DETDA - a commercially available mixture of isomers of diethyltoluenediamine. 
so DM! - 1,2-dimethylimidazole. 

DETDA/DMI - a mixture of DETDA and 1,2-dimethylimidazole having an average equivalent weight of 
about 91 . 

Phosphatotitanate - a commercially available compound of formula IX wherein R 3 is allyl, R 4 is 
methylene, R 5 is ethyl, R 6 is octyl and x is 0. 
55 SOLSPERSE - a commercially available polyesteramide, employed as a dispersant. 

Examples 3-6 
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A solution of 500 parts of precursor polyphenylene ether in 1390 parts of * ,ue ; e ^ 
with stfrrina and there were added 5 parts of bisphenol A followed by 5 parts of benzoyl perox.de. The 
SinS Sinr^ lor 1-1/2 hours, yielding a solution of equilibrated P-^~ ether 
havina a number average molecular weight of about 1 1 ,400 and an intr.nsic viscosity of abou t 0.33. 

To Zr portions of the solution were added other materials to produce toluene solut.ons (50-55% sohds) 
with the proportions listed in Table I, excluding toluene. 



TABLE I 



w 



25 



30 



35 



40 



50 



55 



Example 
4 



Component I , % 
is Component 1 1 : 

Product of Example 1, % 
Component III: EPN 1138, % 
Component IV, % : 
DETDA 
20 DMI 

DETDA/DMI 
Component V: 

Zinc octanoate, % 
Component VI: 

Product of Example 2, % 
Phosphatotitanate, parts* 
SOLSPERSE, parts* 
Bromine , % 
Zinc, % 



35.64 


35.94 


34.90 


35.92 


47.04 


47 .44 


46.33 


47.42 


9.41 


6.63 


9.21 


9.48 


0.09 




0.67 


0.95 


0.30 




0.43 


0.41 




1.31 






4.70 


4.74 


4.63 


2.96 


2.82 


3.94 


3.82 


2.85 


6.0 








4.8 




5.3 


4.8 


8.28 


8.35 


8.15 


8.35 


0.87 


0.88 


0.86 


0.55 


11.0 


21.3 


18.9 


21.8 



*Per 100 parts of components I-IV. 

Swatches of electrical grade woven fiberglass cloth were impregnated with the solutions of Examples 3 
and 6 and at lied t 17C? C to remove solvent and yield composite prepregs. Laminates were prepared 
from seven pHefof the prepregs by compression molding at 250* or 260 C. Sa.d laminates were 
evaTuated for g a s transition temperature, soivent resistance (weight change after submersion ,n methytene 
chSe foV 30 minutes and air-drying for 10 minutes) and severability (Z-axis expans.on measured by 
° n " Zder bath at 280*0 for 30 seconds and determining the change in th.ckness of the 
22 " each inlncf a curing time of less than 2 minutes was required to obtain a laminates with 0% 
f expansTon h less In 2% wefght change and two glass transition temperatures <for the po.ypheny.ene 
ether and polyepoxide phases, respectively), above 110 C and 195 C respectively. 



45 Claims 



A curable composition containing at least about 5% chemically combined bromine and comprising: 
(I) about 30-50% of at least one polyphenylene ether; 

(\\\ about 40-60% of at least one of: , . 

(Aipolyepoxide compositions comprising at least one bisphenol polyglycidyl ether having an 
average of at most one aliphatic hydroxy group per molecule or a m.xture comprismg sau! 
bisphenol polyglycidyl ether and at least one bisphenol, said composite contam.ng about 10- 
30% bromine as aryl substituents; and 

(B) partial condensation products of said polyepoxide compositions; 
nil) about 5-10% of at least one halogen-free epoxidized novolak; 

V)Tcatalytica.ly effective amount of at least one of imidazo.es and arylene polyammes. said 
amount being sufficient to provide a total of about 10-25 miliiequivalents of bas.c nitrogen per 100 

parts; 



11 



BNSDOCID: <EP 043621 2A2_I_> 



EP0 436 212 A2 



(V) a cocatalytically effective amount of zinc in the form of a salt which is soluble or stably 
dispersible in said curable composition, said amount being sufficient to provide about 0.5-1.0% of 
zinc; and 

(VI) about 2.5-5.0% of antimony pentoxide which has been dried by heating at a temperature in the 
range of about 175-225° C; 

said composition being free from hardeners for epoxy resins; 

all parts and percentages being by weight and proportions of components l-VI being based on the 
total of said components. 

2. A composition according to claim 1 wherein component II comprises compounds having the formula 



wherein m is 0-4 and n has an average value up to 1 . 

3. A composition according to claim 2 wherein n is 0 and component I is a poly(2,6-dimethyl-1 ,4- 
phenylene ether) having a number average molecular weight within the range of about 3,000-15,000. 

4. A composition according to claim 3 wherein component If is a partial condensation product. 

5. A composition according to claim 4 which is dissolved in an effective amount of at least one organic 
solvent 

6. A composition according to claim 4 wherein the solvent is toluene. 

7. A composition according to claim 4 wherein the polyphenylene ether has a molecular weight in the 
range of about 3,000-15,000 and has the formula 



wherein in each unit independently, each Q 1 is methyl or CH2N(R 2 ) 2f each R 2 is independently 
hydrogen or a Ci -6 primary alkyl radical, each of A 1 and A 2 is a monocyclic divalent aromatic radical, Y 
is a single bond or a bridging radical in which one or two atoms separate A 1 from A 2 , x is 0 or a 
positive number and z is a positive number. 

8. A composition according to claim 7 wherein A 1 and A 2 are each p-phenylene and Y is isopropylidene. 

9. A composition according to claim 8 wherein component IV is at least one imidazole. 

10. A composition according to claim 8 wherein component IV is a mixture of at least one imidazole with at 
least one arylene polyamine. 

11. A composition according to claim 8 wherein component V is zinc acetyiacetonate, zinc octanoate or 
zinc stearate. 




H 
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12. A composition according to claim 11 wherein component V is zinc octanoate. 

13. A composition according to claim 8 which also contains at least one aliphatic tris(dialkylphosphato)- 

titanate of the formula 



10 



( II ) (R^-R 2 ) 2 C-CH 2 OTi 



75 




0-P-(OR ) 2 



20 



14. 



25 15. 

16. 
30 17. 
18. 
19. 

35 

20. 
21. 
40 22. 
23. 
24. 
25. 
26. 

27. 



45 



50 



wherein R 1 is C 2 - 6 primary or secondary alkyl or alkenyl, R 2 is Ci-a alkylene, R 3 is Ci- 5 primary or 
secondary alkyl, R* is C5-12 primary or secondary alkyl and x is from 0 to about 3, in the amount of 
about 0.1-1.0 part by weight per 100 parts of the resinous composition. 

A composition according to claim 13 wherein R 1 is alkyl, R 2 is methylene, R 3 is ethyl, R* is octyl and x 
is 0 or 1 . 

A composition according to claim 8 wherein the antimony pentoxi.de has been dried until not more than 
about 10% by weight thereof passes through a 400 mesh screen. 

A curable article comprising a fibrous substrate impregnated with the composition of claim 1. 

A curable article comprising a fibrous substrate impregnated with the composition of claim 8. 

An article according to claim 16 wherein the substrate is glass fiber. 

An article according to claim 17 wherein the substrate is glass fiber. 

A cured article prepared by the application of heat and pressure to the article of claim 18. 

A cured article prepared by the application of heat and pressure to the article of claim 19. 

A printed circuit board blank comprising an article according to claim 20 clad with a conductive metal. 

A printed circuit board blank comprising an article according to claim 21 clad with a conductive metal. 

A printed circuit board blank according to claim 22 wherein the metal is copper. 

A printed circuit board blank according to claim 23 wherein the metal is copper. 

A multilayer circuit assembly comprising at least two printed circuit boards separated by a cured 
composition prepared by the application of heat and pressure to the article of claim 16. 

A multilayer circuit assembly comprising at least two printed circuit boards separated by a cured 
composition prepared by the application of heat and pressure to the article of claim 17. 



55 
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